In every pairing, the two bases are located at the trans positions to each other. These structural features are the same as those at pH7.0, suggesting that the C,:C, pair is hemi-protonated even at the neutral condition.
INTRODUCTION
Genome information accelerates farther extensive studies of functional nucleic acids such as antisense DNA/RNA, ribozymes, aptamers etc. However, the structural basis for understanding and designing nucleic acid functions is limited to only a few examples. A DNA fragment with the sequence d(GCGAAAGCT) is postulated to have a minihairpin structure to explain its extraordinary properties [1] [2] [3] [4] . Recent X-ray analysis has, however, shown that the two nonamers are stranded at the first half of the sequence in parallel alignment to form a right-handed double helix through homo base pair formation, while the remaining halves are split away in the different direction to form an anti-parallel 5-form duplex [5] . To clarify whether the parallel part is possible to occur without the anti-parallel part, the crystal structure of d(CGAA) has been determined.
EXPERIMENTAL
A DNA tetramer with the sequence d(CGAA) was prepared on a DNA synthesizer. Crystallization conditions were surveyed at 4°C by the hanging drop vapor diffusion method. Two crystals (T6 and T7) were obtained at pH6.0 and pH7.0, respectively. X-ray diffraction data were collected at 100K with synchrotron radiation (X=0.900A) for both crystals. Initial phases were successively estimated by the molecular replacement method using the parallel part of the nonamer as a probe. The crystal structures were constructed and modified on electron density maps, and the atomic parameters were refined with the program CNS. As the crystal T7 was twined with some small crystal fragments, it was difficult to refine the structure fully. Crystallographic data are listed in the table. 
RESULTS AND DISCUSSION
There are four independent tetramers in the crystallographic asymmetric unit, and two chains (A and B, C and D) form a right-handed double helix (designated Duplex I and Duplex II hereafter). As shown in Fig. 1 , two chains in each duplex are aligned in parallel fashion, as expected, in which the homo base pairs are found (see Fig. 2 ). The C^CV pair is formed through the three hydrogen bonds between N4 and O2 P , between N3 and N3 P , and between 02 and N4 P . For this pairing, the C:C + pair must be hemi-protonated at N3 of either C residue. The G 2 :G 2 P base pair is formed though the two hydrogen bonds between N2 and N3 P and between N2 P and N3 in the minor grooves. The third A:A P pair occurs between the major sites of adenine bases through the two N6-H.. .N7 hydrogen bonds. At the fourth residue, the A:A P pairing occurs between the Watson-Crick sites with the two N6-H...N1 hydrogen bonds. In every pairing, the two bases are located at the trans positions to each other.
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The 5'-terminals of the duplexes I and II are stacked on each other as well as their 3'-terminals so that a lopg column is formed along (1,1,0) , as shown in Fig. 3 . These columns make a contact with each other laterally through the direct hydrogen bonds between the 3'-terminal hydroxyl group of the A chain and the phosphate groups of the A 3 and A 4 residues of chain D with C3'-endo puckers. In the d(GCGAAAGCT) crystal, the corresponding two residues are in the C3'-endo conformation to be bound to the cobalt hexamine cation. These changes indicate that the parallel duplex prefers to adopt a C2'-endo conformation in general, but adaptable to C3'-endo conformation by changing the puckering with a flexibility.
Above structural features are also found in the T7 crystal. It indicates that the parallel duplex can be formed even in the neutral condition. The parallel duplex is stabilized by accepting a proton in the central hole of the C:C +P pair.
3'
Fig. 3. The two successive duplexes are stacked on each other between the 5'-terminal cytidine residues and between the 3'-terminal adenosine residues to form a long column. The Cl'...Cr atomic distances of the paired nucleotides are shorter at the C,:C, +P and G 2 :G 2 P pairs and longer at the A 4 :A 4 P pair. Twist angles of the successive paired bases vary depending on the pairing sites; smallest from the WatsonCrick site to the minor groove site or from the major groove site to the Watson-Crick site and largest from the minor groove site to the major groove site. These structural features are very similar to each other between the duplexes I and II as well as to the parallel part of d(GCGAAAGCT) [5] . All the ribose rings adopt C2'-endo conformations except for the D chain which has C3'-endo conformations at the A 3 and A 4 residues.
